could be starting to increase again 1 suggests the limits of currently applied control strategies 23 have now been reached. A possible novel control approach involves the dissemination in 24 mosquitoes of inherited symbiotic microbes to block transmission. This strategy is 25 exemplified by the use of transmission-blocking Wolbachia in Aedes aegypti against dengue 26 virus 2-7 . However, in the Anopheles gambiae complex, the primary African vectors of 27 malaria, there limited reports of inherited symbionts with transmission-blocking capacity 8-28 10 . Here we show that a newly discovered vertically transmitted species of Microsporidia 29 symbiont in the An. gambiae complex blocks Plasmodium transmission. Microsporidia MB is 30 present at moderate prevalence in geographically dispersed populations of An. arabienesis 31 in Kenya, localized to the mosquito midgut and ovaries, and is not associated with significant 32 reductions in adult host fecundity or survival. Field collected Microsporidia MB-infected An. 33 arabiensis were never found to harbor P. falciparum gametocytes and on experimental 34 infection with P. falciparum no sporozoites could be detected in Microsporidia MB-infected 35 mosquitos. As a Plasmodium transmission-blocking microbe that is non-virulent and 36 vertically transmitted, Microsporidia MB could be exploited as a novel malaria control tool. 37
pathogens where virulence is primarily associated with larval mortality or reduced adult fecundity 48 and lifespan 14-20 . 49 In this study a previously unknown species of Microsporidia was discovered during microbiome 50 characterization of An. arabiensis, designated Microsporidia MB, and was found to occur at a high 51 density and low to moderate prevalence (0-10%) in geographically dispersed populations of An. 52 arabiensis in Kenya. Notably, in all An. arabiensis populations investigated, we observed that 53 none of the Microsporidia MB harboring mosquitoes were infected with Plasmodium (Extended 54 Data Fig. 1 ). Phylogenetic analysis of the 18S ribosomal gene revealed that Microsporidia MB is 55 related to Crispospora chironomi 26 
69
The effects of Microsporidia MB on Plasmodium infection in An. arabiensis was further examined 70 around Mbita point, western Kenya, using G1 offspring pools obtained from field-collected G0 71 mosquitoes and membrane feeding assays (MFAs) carried out with Plasmodium falciparum 72 infected donor blood. Since there was a low to moderate prevalence of Microsporidia MB is field 73 populations (Extended Data Fig. 2 ), we screened mosquitoes for Microsporidia MB and sorted 74 them to ensure that G1 progeny pools used for MFAs would have both Microsporidia MB-infected 75 and uninfected mosquitoes. Plasmodium was quantified 10 days after MFAs, and a strong negative 76 correlation was apparent between the Microsporidia MB and the presence of Plasmodium in whole 77 mosquitoes 10 days after MFA ( Fig. 2A-B ). Plasmodium parasites in an ingested bloodmeal 78 undergo a series of developmental changes prior to traversing the peritrophic matrix and midgut 79 epithelium to form a sporogenic oocyst, which releases sporozoites into the hemocoel. From the 80 hemocoel, sporozoites travel to the salivary gland, traverse an epithelium and mix with Anopheles 81 saliva resulting in an infectious mosquito, usually 8-14 days after the blood meal 28 . To investigate 82 the stage at which Plasmodium development was inhibited, we specifically quantified Plasmodium 83 Anopheline mosquito gut. When combined with the key characteristics that will facilitate 147 artificially elevating its population frequency, namely spore production that is likely to facilitate 148 dissemination, efficient transovarial transmission and apparently non-virulent interactions with 149
An. arabiensis mosquitoes, Microsporidia MB is a realistic candidate for a stable vector population 150 replacement strategy for malaria control. 151
These findings are significant in terms of regional malaria transmission and epidemiology as well 152
as risk-mapping, and particularly in terms of the development of microbe-153
based Plasmodium transmission blocking tools. Microsporidia MB can be added to 154
the Anopheles-associated gut bacteria that have previously been identified as able to 155 reduce Plasmodium transmission when introduced into the mosquito 29,30 , or following 156 introduction of anti-Plasmodium transgenes 31 . As an unmodified, Anopheles-associated inherited 157 endosymbiont that confers highly effective malaria blocking under natural conditions, it is 158 a promising prospect for malaria control. was obtained prior to human blood sample collection. Written informed consent was sought from 236 parents and guardians of the children to allow minors to participate in the study. Consent was also 237 obtained from heads of households that provided approval for indoor mosquito collection. 238 239
Data and materials availability statement 240
All data is available in the main text or the extended data. 
Mosquito species identification 253
All experiments were carried out on wild collected Anopheles gambiae sl., which were identified 254 morphologically. In all of the collection sites, Anopheles arabiensis is the most common member 255 of the An. gambiae species complex, with >97% of complex members being identified as 256 Anopheles arabiensis. The species designation was confirmed using a molecular assay that 257 differentiates An. gambiae s.s. and An. arabiensis using the SINE S200 X6.1 locus 31 . Anopheles 258 samples that were not confirmed to be Anopheles arabiensis were excluded from analysis. 
Egg laying and establishment of lines 278
Wild-caught gravid female mosquitoes were induced to oviposit inside a perforated 1.5ml micro 279 centrifuge tube containing 50µl of distilled water and a soaked piece of Whatman paper towel. 280
Eggs from each female were counted under a compound microscope using a paint brush and then 281 dispensed into water tubs for larval development under optimal rearing conditions (a temperature 282 of 30.5 °C and 30% humidity). Upon laying eggs, the G0 females were screened for presence of 283 
Mosquito rearing 301
Larvae were reared under a controlled environment at 30.5 °C (+/-2°C). Larvae were fed daily on 302
TetraMin™ baby fish food and fresh double-distilled water added into their tubs every other day 303 to maintain oxygen levels. Adult mosquitoes were reared at 30°C (+/-2°C) and 70% humidity with 304 a constant 12-hour day / night cycle. The adult mosquitoes were fed on 6% glucose soaked in 305 cotton wool. For adult survival and larval development time measurements, the status of larvae 306 and mosquitoes was recorded every 24hrs, the Log-Rank and two-tailed Mann Whitney U tests 307 were used to determine levels of statistical significance, respectively. 308 309
Plasmodium standard membrane feeding assays 310
Plasmodium screening of human subjects was done in the regions surrounding Mbita using RDT 311 kits (SD Bioline, UK). Microscopy was carried out on RDT-positive samples to confirm the 312 presence of P. falciparum gametocytes. Gametocyte-positive blood used was mixed with an 313 anticoagulant (heparin) and a total volume of 100µl was placed into mosquito mini-feeders at 37°C 314 and covered in stretched parafilm. Mixed pools of 2-3 day old An. arabiensis (containing co-reared 315
Microsporidia MB positive and negative mosquitoes) were starved for 5 hours (the sucrose source 316 was replaced with water for the first 4 hours of starvation) prior to the standard membrane feeding 317 assay. Mosquitoes were allowed to feed for an hour after which non blood-fed individuals were 318 discarded. Blood-fed mosquitoes were then maintained for a period of 10 days post-infection and 319 processed for the molecular detection of Microsporidia MB and Plasmodium oocysts and 320 sporozoites. We only include experiments where there was greater than zero prevalence of 321
Microsporidia MB and Plasmodium in the mixed pools of Anopheles arabiensis. Two-tailed fisher 322 exact tests were used to determine statistical significance. Each data point represents an individual 323 mosquito. 324
